Abstract.Using electromagnetic fields application ways, AZ80 magnesium alloy is semi-continuously cast into billets with diameter of 165 mm. And the dynamic recrystallization (DRX) evolution of the semi-continuous cast AZ80 magnesium alloy during hot compression has been experimentally studied on Gleeble 2000 thermal-mechanical simulator, at temperatures from 260 to 410 and strain rates from 0.001 to 10s-1. It is found that the chief microstructure evolution is dynamic recrystallization, and the effect of deformation process parameters on DRX evolution is analyzed. The mathematical models including critical recrystallization model, kinetics model and grain size model of DRX are established and the results show good agreement between experiments and the models.
Introduction
In recent years, the structural applications of magnesium alloys in aerospace and automobile industries are increasing progressively. This is not only because of their low densities but also because of their excellent properties such as heat-dissipation, damping, electro-magnetic shielding and recycling [1] [2] [3] . The volume of wrought magnesium products is considerably less than that of casting products. However, wrought magnesium alloys may have more development potential with the higher strength, improved ductility and other mechanical property advantages. As a result, plastic processing technology of the magnesium alloy attracts more and more attention.
One of the key factors decided the final performance organization is internal microstructure evolution in plastic forming process. With development of computer simulation technology, it is possible to accurately predict microstructure and mechanical properties of plastic forming products. But, for simulating the process of metal deformation and forecasting microstructure evolution, it is necessary to establish complete and accurate microstructure evolution model [4] . Hence, it's of important significance to establish the quantitative relationship between thermal deformation parameters and microstructure for predicting microstructure evolution in the plastic deformation process and reasonably drawning up forming process.
Research on deformation behavior and DRX of magnesium alloys has made a lot of progress in the world [5] [6] [7] [8] [9] [10] [11] [12] . But, it is necessary to deeply discuss the relationship between deformation parameters and evolution in order to forecast microstructure evolution of forming products.
One of the most common ways of hot forming magnesium alloy billets is semi-continuous cast magnesium alloy ingot. Investigations on the flow stress and microstructure of magnesium alloys at different forming temperatures and strain rates have been an important subject in wrought magnesium alloys forming [13] [14] [15] . In this paper the flow stress and the relationship of DRX, strain rate and temperature of semi-continuous cast AZ80 magnesium alloy by hot compression at different forming temperatures and strain rates were studied, serving as the theoretical base for working out the plastic manufacturing parameters of magnesium alloy.
Experimental Procedures
The composition of AZ80 ingot (wt.%) is as follows: Al 8.6, Zn 0.45, Mn 0.15, Si 0.03,Cu0.01, Ni0.001,Fe 0.005,impurity0.3, and Mg balance. Cylindrical specimens with diameter of 8mm and height of 15mm were used for compression testing. In addition, grooves were provided on the load bearing surfaces so that effective lubrication was ensured during compression. The hot compressive tests were conducted on Gleeble-2000 thermal simulator testing machine. Specimens were heated to test temperatures, soaked for 5 min for equilibration. The specimens were compressed at the temperature and strain rate ranges of 260 410 and 0.001 10s -1 , followed by water quenching. Photomicrograps were taken with metallographic microscope.
Results and Discussion

3.1Microstructures of semi-continuous cast AZ80
Microstructures of semi-continuous cast AZ80 is shown in Fig.1 . From Fig.1 , it can be seen that the casting structure of AZ80 alloy is composed of gray Į-Mg solid solution and black ȕ-Mg17Al12 distributed networks in the interface. Diffusion process of solute was suppressed due to the magnetic field, so the content of Al and Zn solute elements has actually increased inside the Į-Mg grain. 
3.2Flow stress behavior
The stress-strain curves of the AZ80 magnesium alloy at different strain rates and different deformation temperatures is shown in Fig.2 . It can be founded that the general characteristics of the flow stress curves are similar at all deformation conditions and such flow stress behaviors are typical characteristics of hot working that is accompanied by dynamic recrystallization(DRX) [16] . The flow stress increases to a peak because of work hardening and then decreases to a steady state. The value gap between the peak stress and the flow stress in stable stage decreases with decreasing strain rate and the peak stress is almost equal to the flow stress in stable stage at strain rate of 0.001s-1. The peak stress increases with increasing strain rate at the same temperature and decreases with increasing temperature at the same strain rate. The true strain value of steady state increases with increasing strain rate and decreasing temperature.
3.3Microstructural development
Influence of strain rates Microstructural evolution of the AZ80 magnesium alloy under different strain rates is shown when temperature was 310 in Fig.3 .
It can be founded that DRX becomes more sufficiency and the DRX grain size becomes thinner with increasing strain rate at the same temperature. This is because that nucleating of recrystallization is a course of controlling defective density, and DRX can be enabled only when dislocation density reaches critical value. So rapid deformation is beneficial to accumulating of dislocation and accelerates enabling of DRX. In addition, decreasing strain rate supplies sufficient time for crystal boundary migration and prolongs time of recrystallized grains growth. Therefore rapid deformation is beneficial to grain refining. However, excessively high strain rate would lead to accumulating dislocation inadequately before the deformation terminate, and appear chaotic texture composed of twin, coarse grain and duplex grain structure owing to higher deformation temperature and higher strain rate. 
Influence of deformation temperatures
Microstructural evolution of the AZ80 magnesium alloy under different temperatures is shown when strain rate is 0.01s-1 in Fig.4 . The results show that DRX can occur under different deformation temperatures. Degree of DRX increases with increasing deformation temperature, and the recrystallized grains become growing. At a high temperature of 410 DRX grains are much larger and reach more than 10 ȝm.
As explained in the description above, on the one hand, increasing deformation temperature is conducive to occurrence of DRX. On the other hand, above 260 , DRX finished completely at different strain rates, internal distortion of grain is basically eliminated and dislocation density is significantly lower. Nucleation rate of secondary recrystallization has decreased significantly at high temperature, and rate of grain growth has not changed much owing to controlled by heat diffusion process, these lead to coarsening of grain size. 
3.4Mathematical Model for DRX Evolution
In recent years, research on simulating microstructure evolution in the plastic deformation process has been increasing gradually. The vast majority of material models are much of a muchness as the empirical equation established by R.Kopp [17] . In this paper, DRX and equation of grain growth of AZ80 hot deformation process are studied with the model established by R.Kopp.
Critical recrystallization model
First of all, it needs to determine three strain values, p (3) can be determined. It is found that the hot deformation activation energy ( Q ) is 224 kJ/mol through texting and calculating. And through taken logarithm and calculated partial derivative to Eq. (1), 1 n can be expressed in the following form 
Where DRX X is volume percent of DRX.
DRX X can be determined from the stress-strain curves of magnesium alloy. The relations of volume fraction model of DRX and stress parameters can be expressed in the following form [19] c c s 
Grain size model of DRX
The effect of crystallite dimension on room temperature and high temperature properties of forgings is significant. Hense, change rule of grain size in hot-working process has been studied for long periods and numerous studies show that the relations of grain size of recrystallization and Z parameter can be expressed in the following form 4 n and 5 k can be expressed in the following form 
Model verification
Initial grain size of the AZ80 magnesium alloy is 60ȝm, and average grain size of Į phase can be calculated by Eq. (15) . Comparison between calculated and measured values of average grain size of DRX is shown in Fig.6 , and the average error is 7.3 . It can be concluded from Fig.5 that the microstructure models could effectively depict the microstructure evolution law of AZ80 magnesium alloy at temperatures from 260 to 410 and equivalent strain rates 0.001 to 10s -1 . 
Conclusions
(1) Semi-continuously casting AZ80 magnesium alloy used electromagnetic fields application ways has fine grain and better plastic forming properties (2)The true stress-true strain curves of AZ80 magnesium alloy indicates that the deformation behaviour of the alloy depends significantly on temperatures and equivalent strain rates. The flow stress of alloy decreases with increasing temperatures and decreasing strain rates.
(3) Microstructure evolution behavior of AZ80 magnesium alloy in thermal deformation process is mainly DRX, and the deformation process parameters have significant effect on recrystallization.
(4) The mathematical models of DRX are got in the following form
